Background: Aspergillus fumigatus (Af) sometimes colonizes and persists within the 2
affects the expression of PRRs and attenuates cellular defense against Af. Prolonged 23 PAGE 2 differentiation, inhibits both Th1 and Th17 differentiation. 8, 9 Thus, we hypothesized 17 that the Th2-skewed immunity in a murine model of asthma may contribute to 18 impairment of Th1 and Th17 response against Af. In the present study, we addressed 19 these issues by comparing fungal burden between Af infected control mice (Af mice) 20
and Af-infected mite-sensitized murine model of asthma (Af-Df mice), and then, in a 21 different set of experiments, comparing several cytokines, including 22 IFN-γ, IL-5 and IL-17 production between Af mice and Af-Df mice. In addition, the 23 phagocytotic activity against Af and expression of pathogen recognition receptors 24 (PRRs) on alveolar macrophages were compared in alveolar macrophages isolated from 25 untreated naïve mice and mite allergen-sensitized mice. 
Preparation of Af conidia 34
Af MF-13 isolated from the sputum of a patient with pulmonary aspergilloma was 35 prepared for intranasal infection as described previously.
10 Af MF-13 was subcultured 36 on Sabourand dextrose agar (Becton Dickinson, Cockeysville, MD) at 30ºC for 7 days. 37
Conidia were then harvested with sterile saline containing 0.02% Tween 80 (Wako Pure  38 Chemical Industries, Tokyo, Japan). The suspension was filtered through a 40-µm cell 39 strainer (Falcon, Tokyo, Japan) to separate conidia from contaminating mycelia and was 40 verified microscopically (100% resting conidia). The suspension was then counted in a 41 hemocytometer and diluted with sterile saline. 42
43

Experimental protocol 44
Female BALB/c mice (age, 5 and 10 wk) were purchased from Charles River 45 (Yokohama, Japan) and housed in a specific pathogen-free facility. As illustrated in 46
Figure 1, mice were immunized twice intraperitoneally on days 1 and 14 with 0.5 mg of 47 (i.n.) with either 50 µg/50 µL Df allergen (Df-Af group) or PBS (Af group) on days 14, 50 16 and 18. Both groups of mice were i.n. infected with 1 × 10 5 Af conidia on days 19, 21 51 and 23. Either 2 days (day 25) or 9 days (day 32) after infection, two groups of mice 52 were sacrificed to obtain bronchoalveolar lavage fluid (BALF) and lung tissues. 53
Procedures were reviewed and approved by Nagasaki University School of Medicine 54
Committee on Animal Research. All experiments were repeated at least three times. 55 56 Bronchoalveolar lavage and lung pathology 57 BAL was conducted with 1 mL of PBS in the immediate postmortem period. Obtained 58 BAL samples were centrifuged. Differential cell counts were performed using 59 cytocentrifuged BAL samples stained with May-Grünwald-Gìemsa. Formaldehyde 60 fixative was gently infused through the lavage catheter set in the trachea. Resected lungs 61 were fixed for an additional 24 h and embedded in paraffin. Sections (4 µm) were 62 stained with hematoxylin and eosin (HE). After BAL, paraffin-embedded lung tissues 63 were prepared for hematoxylin and eosin (HE) and gomeri methenamine-silver (GMS) 
Phagocytic function of alveolar macrophages 74
In a different set of experiments, alveolar macrophages (AM) were prepared from naïve 75 mice without any treatment and a murine model of asthma, which were prepared as 76 mentioned above. Lung tissues were chopped with sterile scissors and digested in a 77 37°C water bath for 2 hours in digestion buffer containing 1.5 mg/mL collagenase A 78 (type 1A; Boehringer Mannheim, Mannheim, Germany), and were filtered with a metal 79 mesh. After washing with RPMI-1640 medium (Gibco-BRL Life Technology, Inc.,a dish, which was then incubated at 37°C for 15 min. After FBS was discarded, 85 suspended cells were placed in this dish and incubated at 37°C overnight. Thereafter, 86 cells in the dish were collected using PBS containing EDTA. Aliquots (1 mL) of cell 87 suspension (10 6 cells/mL) were mixed with 1 mL of Af suspension (10 6 cells/mL) 88 opsonized with 100 µL of normal serum, and were incubated for 60 min at 33°C. decreased on day 32 when compared to day 25, but were still significantly higher than 160 in Af mice. In marked contrast, IL-17 levels in Df-Af mice increased significantly on 161 day 32 when compared to those on day 25, and Th17-like cytokines in Df-Af mice 162 became significantly higher than those in Af mice. 163
In this study, we showed that after Af infection, production of cytokines involved in 170 protective immunity against Af and phagocytotic activity of AM was lower in a murine 171 model of allergic asthma. Experimental studies indicate a critical role for macrophages 172 in conidial defense.
11, 12 It has also been reported that TLR4 on macrophages is required 173 for an optimal immune response to Af in vivo. 13 In contrast, neutrophils play a 174 predominant role in killing hyphae. 14, 15 In addition, other innate immune cell subsets 175 contribute to antifungal defense. For example, pulmonary dendritic cells transport 176 conidia to draining mediastinal lymph nodes in order to activate fungus-specific T-cells 177 and when Af arrives in the airways, Af-specific T cells are rapidly primed and fully 178 differentiated into IFN-γ-producing Th1 CD4 + T cells in immune-competent mice. 179
Thereafter, inhaled conidia are rapidly cleared from the airway. 16 In our study, after 180 infection with Af conidia, IL-12 and IFN-γ production in the airway and expression of 181 TLR4 on AM were reduced in a murine model of asthma when compared with control 182 mice. In addition, the phagocytosis of Af conidia by AM isolated from the murine model 183 of asthma was impaired when compared with AM isolated from untreated naïve mice.
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This may be due to the preexisting Th2-skewed immunity in asthmatic airways, which 185 inhibit Th1 cytokine production against Af infection and relatively lower IFN-γ 186 condition, leading to reduced phagocytosis of Af conidia via poor expression of TLR4 187 on AM. 188
In addition to pre-existing Th2-skewed immunity prior to Af infection, IL-17 levels 189 became higher following Af infection in Df-Af mice. Recently, it was reported that 190 excess Th17 immunity attenuates antifungal immune defense. 17, 18 It has also been 191 reported that Th17 response was initiated thorough the recognition of β-glucan, which 192 increases on the surface of fungi during their growth from conidia to hyphae. 19 In 193 addition, we previously reported that high levels of ligand for dectin-1 receptors induce 194 upregulation of these receptors on antigen-presenting cells and enhanced signaling. 28, 29 Accordingly, additive treatment, which has an 227 impact on neutrophilic inflammation, is required for fungus-associated asthma. Thus, 228 the development of therapeutic modality targeting IL-17 for the treatment of fungus 229 associated asthma is a critical issue in the future. 230 However, our study has several limitations. First, we only describe the results for mice, 231
and it is uncertain whether these results can be applied to humans. In addition, although 
